The prognostic implications of treated white coat hypertension (WCH) and masked hypertension (MH) in patients with diabetes mellitus (DM) or chronic kidney disease (CKD) are not well documented. Using data from the HONEST study (n = 21 591), we investigated the relationships between morning home systolic blood pressure (MHSBP) or clinic systolic blood pressure (CSBP) and cardiovascular (CV) risk in hypertensive patients with and without DM or CKD receiving olmesartan-based antihypertensive therapy. The study included 4426 DM patients and 4346 CKD patients at baseline who had 101 and 87 major CV events, respectively, during the follow-up. Compared with well-controlled non-DM patients (MHSBP o135 mm Hg; CSBP o140 mm Hg), DM patients with WCH (MHSBP o135 mm Hg; CSBP ⩾ 140 mm Hg), MH (MHSBP ⩾ 135 mm Hg; CSBP o140 mm Hg) or poorly controlled hypertension (PCH) (MHSBP ⩾ 135 mm Hg; CSBP ⩾ 140 mm Hg) had significantly higher CV risk (hazard ratio (HR), 2.73, 2.77 and 2.81, respectively). CV risk was also significantly increased in CKD patients with WCH, MH and PCH (HR, 2.14, 1.70 and 2.20, respectively) compared with well-controlled non-CKD patients. Furthermore, DM patients had significantly higher incidence rate than non-DM patients of MHSBP ⩾ 125 to o135 mm Hg (HR, 1.98) and ⩾ 135 to o145 mm Hg (HR, 2.41). In conclusion, both WCH and MH are associated with increased CV risk, and thus control of both MHSBP and CSBP is important to reduce CV risk in DM or CKD patients. The results also suggest that even lower MHSBP (o125 mm Hg) may be beneficial for DM patients, although this conclusion is limited by the small number of patients.
INTRODUCTION
Home blood pressure (BP) measurement and ambulatory BP monitoring are widely used in the diagnosis and treatment of hypertension. White coat hypertension (WCH) and masked hypertension (MH) are diagnosed when there is a discrepancy between clinic BP (CBP) and home BP (HBP), 1 − 3 and ambulatory BP monitoring is useful in diagnosing these types of hypertension. 4 The concepts of WCH and MH were originally used to describe untreated hypertensive patients based on epidemiological findings to optimize antihypertensive treatment in these patients. For example, British and Japanese guidelines recommend nonpharmacological treatment for patients with WCH and pharmacological therapy for patients with MH. 5, 6 For WCH patients who also have a metabolic abnormality or organ disorder, the European Society of Hypertension − European Society of Cardiology guidelines recommend pharmacological therapy. 7 However, differences between BP measurements obtained at home or through ambulatory BP monitoring and CBP may persist despite receiving antihypertensive treatment. In such cases, the patients are described as having 'treated WCH' or 'treated MH'.
The Home BP measurement with Olmesartan Naive patients to Establish Standard Target blood pressure (HONEST) study is a large-scale, prospective, observational study involving more than 20 000 Japanese patients with hypertension; the aim was to investigate the relationship between HBP and CBP and the incidence of cardiovascular (CV) events in patients receiving olmesartan-based therapy. 8 In our previous article describing the findings of the HONEST study, we reported a decrease in the proportion of patients with poorly controlled hypertension (PCH), that is, patients whose HBP and CBP were both high, and a consequent increase in the proportion of patients with WCH or MH after treatment with olmesartan. 9 After 16 weeks, the numbers of patients in both the WCH group and the MH group were approximately double the numbers at baseline. 9, 10 Thus, we have shown that the prevalence of WCH and MH differs between untreated and treated patients. However, little information is available regarding CV risk in treated patients with WCH or MH, and guidelines for the treatment of these patients remain unclear.
In patients with complications such as diabetes mellitus (DM) and chronic kidney disease (CKD), BP control is particularly important to prevent CV events. However, in most previous clinical studies, baseline CBP was used as an indicator of CV risk. Therefore, information is lacking on the relationship between on-treatment BP (especially HBP) and CV risk in patients with DM or CKD.
We previously reported the relationship between both morning HBP (MHBP) and CBP and CV risk during the follow-up period of the HONEST study. 8 In the present analysis, we used MHBP and CBP data from the follow-up period to investigate these relationships in WCH and MH patients with and without DM or CKD.
METHODS

Study design
The HONEST study is a large-scale, prospective, observational study with a 2-year follow-up period. The study is registered at the University Hospital Medical Information Network (UMIN) Clinical Trials Registry (http://www.umin.ac.jp/ctr/index.htm) with the unique trial number UMIN000002567. The study protocol was approved by the Ethical Committee of Daiichi Sankyo, as well as the review boards of the participating institutions at their discretion. The study conforms to the pharmaceutical affairs laws of Japan and was approved by the Ministry of Health, Labour and Welfare of Japan. The study was carried out at registered medical institutions in compliance with Good Post-marketing Study Practice in Japan and the internal regulations for clinical studies at each institution. The objectives and methods of the HONEST study have been previously reported. 11 Participants comprised olmesartan-naive outpatients with essential hypertension who had recorded their MHBP on ⩾ 2 days and CBP on ⩾ 1 day in the 28-day period before starting olmesartan therapy. All patients provided written informed consent. Patients had no specific target BP, and antihypertensive drugs, including olmesartan, were prescribed at the discretion of each patient's attending physician.
The present study was carried out by Daiichi Sankyo Co., Ltd (Tokyo, Japan) as part of the specific drug use results survey for olmesartan. Medical and statistical advisors provided advice on study protocol and study result interpretation. CV events were adjudicated by the Endpoint Committee, who were blinded to the HBP and CBP.
Measurement of HBP
In accordance with the 2009 Japanese Society of Hypertension Guidelines for the Management of Hypertension, 12 patients used their own devices, according to the cuff oscillometric method, to measure their BP twice in the morning and twice at bedtime on 2 different days at each of the following measurement points: 1 week, 4 weeks, 16 weeks, 6 months, 12 months, 18 months, and 24 months. For the present analysis, we calculated the mean of the two daily MHBP measurements. Then, for each measurement point, we used the mean MHBP over 2 days.
To investigate relationships between HBP and incidence of CV events, on-treatment BP (mean BP during the follow-up period excluding baseline BP) was used. For patients who had had CV events, the mean BP measurements obtained until the first occurrence of such events was used.
Measurement of CBP
CBP was measured at 4 weeks, 16 weeks, 6 months, 12 months, 18 months, and 24 months. For each of these measurement points, one BP measurement was reported. The method used to measure CBP was at the discretion of the attending physicians.
Analyses of the relationship between CBP and the incidence of CV events were performed in the same way as for HBP.
Diagnosis of hypertension type based on patients' clinic and home blood pressure
In the present analysis, we defined the following four categories of hypertension status using clinic systolic BP (CSBP) and morning home systolic BP (MHSBP): MH was defined as CSBP o140 mm Hg and MHSBP ⩾ 135 mm Hg; WCH was defined as CSBP ⩾ 140 mm Hg and MHSBP o135 mm Hg; PCH was defined as CSBP ⩾ 140 mm Hg and MHSBP ⩾ 135 mm Hg; and well-controlled hypertension (CH) was defined as CSBP o140 mm Hg and MHSBP o135 mm Hg (Figure 1 ). For each BP, the mean BP during the follow-up period excluding baseline BP was used.
End points
The primary end point for the present analysis was the first occurrence of a major CV event. This end point was a composite end point of stroke events (cerebral infarction, intracerebral hemorrhage, subarachnoid hemorrhage and unclassified stroke), cardiac events (myocardial infarction and coronary revascularization procedures for angina pectoris) and sudden death.
Statistical analysis
The statistical analysis population comprised eligible patients who received olmesartan at least once during the treatment period. Patients included in the present analysis were stratified according to the presence or absence of DM and CKD.
The presence of DM was determined by attending physicians who used clinical findings such as the use of hypoglycemic drugs and abnormal laboratory values. The presence of CKD was determined according to the following criteria: estimated glomerular filtration rate o60 ml min − 1 per 1.73 m 2 (estimated glomerular filtration rate = 194 × [serum creatinine] − 1.094 × age − 0.287 ; × 0.739 for female patients), qualitative proteinuria ⩾ 2+ or qualitative proteinuria ⩾ 1+ and renal disease.
For each comparison of baseline patient characteristics, categorical data were analyzed using the χ 2 test, and quantitative data were analyzed using the t-test. For each subgroup, the incidence rate for CV events was estimated using the person-years method, and the results were compared by Poisson regression. The association between on-treatment BP and CV risk was analyzed using the multivariate Cox proportional hazards model, including BP, DM, CKD, interaction terms between BP and DM or CKD, sex, age, family history of CV disease, dyslipidemia, history of CV disease and smoking status as a covariate. The association between hypertension type based on on-treatment BP and CV risk was also analyzed using a multivariate Cox proportional hazards model.
All statistical tests were two sided using a significance level of 0.05. SAS version 9.2 software (SAS Institute, Cary, NC, USA) was used for all statistical analyses. Table 1A shows the baseline characteristics of all patients (the full analysis set, n = 21 591) whose data were used in the analysis comparing patients with and without DM. The group of DM patients contained a greater proportion of males, and the DM patients were older than the non-DM patients. The patients with DM had had hypertension longer than those without DM and were more likely to have previously received antihypertensive treatment. Baseline systolic and diastolic BP (both MHBP and CBP) were lower in DM patients than in non-DM patients by ∼ 3 and 5 mm Hg, respectively. DM patients were more likely to have had a history of CV disease as well as concomitant dyslipidemia and CKD. Table 1B shows the baseline characteristics of the 21 428 patients whose data were included in the analysis comparing patients with and without CKD. Data from 163 patients in the full analysis set were excluded because their CKD status could not be determined. The groups of CKD and non-CKD patients had similar proportions of males and females, but CKD patients were ∼ 7 years older than non-CKD patients. The patients with CKD had hypertension longer than those without CKD and were more likely to have previously received antihypertensive treatment. Baseline systolic and diastolic BP (both MHBP and CBP) were lower in CKD patients than in non-CKD patients by ∼ 2 − 3 mm Hg and 4 − 5 mm Hg, respectively. CKD patients were more likely to have had a history of CV disease as well as concomitant dyslipidemia and DM. Figure 2a and b shows changes in BP in DM and non-DM patients. Compared with non-DM patients, DM patients had significantly lower MHBP (148.9 ± 16.1/82.9 ± 11.5 mm Hg vs. 151.8 ± 16.3/88.0 ± 11.5 mm Hg) and CBP (151.2 ± 18.3/83.1 ± 13.0 mm Hg vs. 154.2± 19.1/88.2 ± 13.2 mm Hg) at baseline. BP in both DM and non-DM patients had reduced significantly by 16 weeks, and this reduction was maintained at 24 months. CV risk in patients with and without diabetes Table 2A shows the incidence rate for CV events in DM and non-DM patients. CV events were more common in patients with DM than in those without DM (11.34/1000 vs. 5.20/1000 person-years, Po0.0001). Of the major CV events, the incidence rate for cardiac events was particularly high in DM patients compared with that of non-DM patients (6.26/1000 vs. 1.88/1000 person-years, Po0.0001). Figure 3a shows the relationship between the primary end point and MHSBP in DM and non-DM patients. When the patients with MHSBP o125 mm Hg for non-DM patients were defined as a reference, the incidence rate was significantly higher in DM patients with MHSBP ⩾ 135 to o145 mm Hg and ⩾ 155 mm Hg and in non-DM patients with MHSBP ⩾ 145 too155 mm Hg and ⩾ 155 mm Hg (hazard ratio (HR), 1.83 − 5.22). When we compared the incidence of CV events in DM patients with that in non-DM patients with the same achieved BP range, patients with DM had significantly higher incidence rate than non-DM patients at MHSBP ⩾ 125 to o135 mm Hg (HR, 1.98,1.18-3.31, P = 0.0092) and ⩾ 135 to o145 mm Hg (HR, 2.41, 1.53-3.82, P = 0.0002). There was a statistically significant interaction in the association of MHSBP with the primary end point between patients with and without DM (interaction P = 0.0376). Figure 3b shows the relationship between the primary end point and CSBP in DM and non-DM patients. When the patients with CSBP o130 mm Hg for non-DM patients were defined as a reference, the incidence rate was significantly higher in DM patients with CSBP o130 mm Hg, ⩾ 140 to o150 mm Hg, ⩾ 150 to o160 mm Hg and ⩾ 160 mm Hg, as well as in non-DM patients with CSBP ⩾ 150 to o160 mm Hg and ⩾ 160 mm Hg (HR, 1.85 − 5.84). When we compared the incidence of CV events in DM patients with that of non-DM patients with the same BP range, patients with DM had a significantly higher incidence rate than non-DM patients at CSBP o130 mm Hg (HR, 1.91) and ⩾ 130 to o140 mm Hg (HR, 1.70). No interaction between CSBP and the primary end point was found between patients with and without DM (interaction P = 0.5824).
PCH
RESULTS
Patient characteristics and changes in BP
When the value for non-DM patients with CH was defined as a reference, the incidence rate was statistically significantly higher in DM patients with WCH, MH and PCH (2.73, 2.77 and 2.81, respectively). In contrast, the incidence rate was statistically significantly higher in only non-DM patients with PCH (HR, 2.23; Figure 4a ). Table 2B shows the incidence rate for CV events in CKD and non-CKD patients. CKD patients had a significantly higher incidence rate for CV events than non-CKD patients (10.06/1000 vs. 5.44/1000 person-years, Po0.0001). Of the major CV events, both cerebrovascular and cardiac events were more common in patients with CKD than in those without CKD (P = 0.0091 and P = 0.0027, respectively). Figure 3c shows the relationship between the primary end point and MHSBP in CKD and non-CKD patients. When the value of MHSBP o125 mm Hg for non-CKD patients was defined as a reference, the incidence rate was significantly higher in CKD patients with MHSBP ⩾ 145 to o155 mm Hg and ⩾ 155 mm Hg, as well as in non-CKD patients with MHSBP ⩾ 155 mm Hg (HR, 2.18 − 5.95). Thus, CV risk tended to increase as MHSBP increased. Figure 3d shows the relationship between the primary end point and CSBP in CKD and non-CKD patients. Similarly, when the value of CSBP o130 mm Hg for non-CKD patients was defined as a reference, the incidence rate was significantly higher in CKD patients with CSBP 4160 mm Hg and in non-CKD patients with CSBP ⩾ 150 to o160 mm Hg and ⩾ 160 mm Hg (HR, 1.83 − 6.62). Thus, CV risk tended to increase as CSBP increased. When we compared the incidence of CV events in CKD patients with that of non-CKD patients with the same BP range (MHSBP or CSBP), no statistically significant difference in incidence rate was found between CKD and non-CKD patients across any subgroups (HR, 0.64 − 1.55). In the analysis of patients with and without CKD, no interaction between either MHSBP or CSBP and the primary end point was found (interaction P = 0.5168 and 0.8651, respectively), suggesting that the association of MHSBP and CSBP with CV risk is similar in patients with and without CKD. In a subsequent analysis, patients were classified into four groups according to hypertension type, and when the value for non-CKD patients with CH was defined as a reference, HR was significantly higher in CKD patients with WCH, MH and PCH (2.14, 1.70 and 2.20, respectively). In contrast, the incidence rate was statistically significantly higher only in non-CKD patients with PCH (HR, 2.19) (Figure 4b) .
CV risk in patients with and without CKD
In CKD patients with concomitant DM (n = 1245) and those with concomitant proteinuria (n = 1238), the incidence rates for CV events were 17.50/1000 and 15.87/1000 person-years, respectively. When the value of patients with CKD alone and MHSBP o125 mm Hg was used as a reference, the HRs in patients with CKD+DM were 1.168 (P = 0.8583) at o125 mm Hg, 2.400 (P = 0.1366) at ⩾ 125 to o135 mm Hg, 2.886 (P = 0.0664) at ⩾ 135 to o145 mm Hg, 3.123 (P = 0.0711) at ⩾ 145 to o155 mm Hg and 3.279 (P = 0.0958) at ⩾ 155 mm Hg. With the same reference (MHSBP o125 mm Hg in patients with CKD alone), the HRs in patients with CKD+proteinuria were 2.661 (P = 0.2903) at o125 mm Hg, 2.494 (P = 0.2455) at ⩾ 125 to o135 mm Hg, 2.252 (P = 0.3017) at ⩾ 135 to o145 mm Hg, 3.135 (P = 0.1656) at ⩾ 145 to o155 mm Hg and 4.742 (P = 0.0664) at ⩾ 155 mm Hg.
DISCUSSION
In this analysis of data from the large-scale, prospective, observational HONEST study, we investigated the relationship between on-treatment MHBP and CBP and CV risk in patients with and CV risk of white coat/masked hypertension in DM/CKD T Kushiro et al without DM or CKD in a real-world clinical setting. All patients had a similar reduction in BP during the follow-up period, regardless of concomitant DM or CKD. Both MHBP and CBP were independently related to CV risk. WCH and MH were also associated with increased CV risk when complicated with DM or CKD. The findings indicate that control of both MHBP (o135 mm Hg) and CBP (o140 mm Hg) is important for reducing CV risk in patients with DM or CKD.
CV risk in patients with and without diabetes
Comparison of the baseline characteristics of patients with and without DM showed that DM patients were more likely to have CV risk factors such as older age, longer duration of hypertension, a history of CV disease and concomitant dyslipidemia or CKD.
The CV risk profile of patients with DM differed from that of those without DM. CV risk was higher in DM patients than in non-DM patients at MHSBP ⩾ 125 to o145 mm Hg. However, at MHSBP ⩾ 145 mm Hg, CV risk was similar in DM and non-DM patients. These findings suggest that DM is a greater risk factor for CV events than BP in the range of MHSBP ⩾ 125 to o145 mm Hg. At MHSBP ⩾ 145 mm Hg, however, BP makes a greater contribution to CV risk. In addition, although CV risk was significantly higher in DM patients than in non-DM patients at MHSBP ⩾ 125 to o135 mm Hg, there was no difference between the two groups at o125 mm Hg. Therefore, even lower MHSBP (o125 mm Hg) may be beneficial for patients with DM, although the results were limited by the small number of patients with o125 mm Hg in the present study. The findings are consistent with those reported in previous studies; the HOMED-BP study 13 showed that MHPB ⩾ 125 mm Hg was significantly associated with increased CV risk in hypertensive patients with DM. Ushigome et al. 14 reported that the optimal home systolic Figure 4 Primary end point in well-controlled hypertension (CH), white coat hypertension (WCH), masked hypertension (MH) and poorly controlled hypertension (PCH) in patients with and without diabetes mellitus (DM) adjusted for sex, age, family history of cardiovascular disease, dyslipidemia, chronic kidney disease (CKD), history of cardiovascular disease and smoking status (*Po0.05 vs. non-DM patients with CH) (a) and in patients with and without CKD adjusted for sex, age, family history of cardiovascular disease, dyslipidemia, DM, history of cardiovascular disease and smoking status (*Po0.05 vs. non-CKD patients with CH) (b). CBP, clinic blood pressure; MHBP, morning home blood pressure. CV risk of white coat/masked hypertension in DM/CKD T Kushiro et al BP target for prevention of progression of diabetic nephropathy in patients with DM was o120 mm Hg.
In DM patients, CV risk was increased in the group of CSBP o130 mm Hg, ⩾ 140 to o150 mm Hg, ⩾ 150 to o160 mm Hg and ⩾ 160 mm Hg. At CSBP o140 mm Hg, DM contributes more than BP to CV risk. At CSBP ⩾ 140 mm Hg, however, BP makes a larger contribution than DM.
CV risk was significantly higher for DM patients with WCH and MH than for non-DM patients with CH. Therefore, patients with DM may have higher CV risk regardless of hypertension type, and control of both MHBP (o135 mm Hg) and CBP (o140 mm Hg) is particularly important in such patients. These results also suggest that even lower MHSBP (o125 mm Hg) may be beneficial for DM patients, although this conclusion is limited by the small number of patients. In previous studies, the results of risk assessment in patients with WCH or MH have not been consistent, [15] [16] [17] and this may be because of the difference in the numbers of hypertensive patients with concomitant DM included in these studies.
CV risk in patients with and without CKD The CV risk profile of patients with CKD was similar to that of patients without CKD. In both groups, CV risk increased for MHSBP ⩾ 145 to o155 mm Hg and for CSBP ⩾ 150 to o160 mm Hg, with marked increases above these ranges.
In patients without CKD, those with only PCH had significantly higher CV risk than that of non-CKD patients with CH. In contrast, in patients with CKD, those with WCH, MH or PCH all had significantly higher CV risk than that of non-CKD patients with CH.
To our knowledge, no study has investigated the relationship between HBP and CV risk in patients with CKD. Although it is difficult to determine the definitive target for MHSBP and CSBP in patients with concomitant CKD based on the results of the present study, our findings suggest that BP should be carefully monitored in patients with CKD when either MHSBP is 4135 mm Hg or CSBP is 4140 mm Hg, as well as when both are increased.
The results of the present analysis show that the association of MHSBP and CSBP with CV risk is similar in patients with and without CKD. However, 2014 JSH (Japanese Society of Hypertension Guidelines for the Management of Hypertension) recommends a strict target CBP (o130/80 mm Hg) for hypertensive patients with CKD with positive proteinuuria. 6 Matsushita et al. 18 also suggested that CV risk may be higher in hypertensive patients with CKD and proteinuria. Nevertheless, because the present study was an observational study under daily clinical practice and because laboratory tests were not mandatory, only 1238 patients (5.7% of the full analysis set; 28.5% of CKD patients) were determined as having both CKD and proteinuria. Therefore, we report the results for patients with CKD regardless of the presence of proteinuria. In the HONEST study, the number of patients with both CKD and proteinuria was too small to analyze the relationship between on-treatment BP and CV risk. Nevertheless, in the present analysis, the event rate in patients with CKD and proteinuria was 15.87/1000 person-years. Although no significant difference was found, the relationship between CV events and achieved BP was stronger compared with CKD patients without proteinuria. Further accumulation of patients would be necessary to determine the definitive target BP in patients with CKD and proteinuria.
Several studies have been carried out to investigate the effects of antihypertensive treatment on CV risk in hypertensive patients with DM and CKD. In the Irbesartan Diabetic Nephropathy Trial (IDNT) of DM patients, all-cause mortality in hypertensive patients with DM and CKD was found to be lowest at a systolic BP of 120 − 130 mm Hg. 19 A meta-analysis of data from interventional studies of DM patients, including the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study, showed that antihypertensive treatment prevents stroke in DM patients, of whom 40% had albuminuria. 20 However, CBP was used as an indicator of CV risk in all these studies. The results of the present study suggested that monitoring and control of both CBP and MHBP may be useful in the management of CV risk in hypertensive patients with concomitant DM or CKD.
In conclusion, this analysis of the HONEST study indicates that both MHBP and CBP are independently related to CV risk regardless of white coat or masked hypertension types, and control of both MHBP o135 mm Hg and CBP o140 mm Hg is important to reduce CV risk in patients with DM. In patients with CKD, although a definitive target BP could not be determined in the present study, increased CV risk associated with WCH and MH was demonstrated. Thus, it is suggested that control of MHSBP (o135 mm Hg) and CSBP (o140 mm Hg) may also be important in these patients.
Limitations
The present analysis has several limitations. First, because the HONEST study is an observational study intended to reflect real-world clinical practice, patients were not blinded to treatment, and there was no control group. Further double-blind randomized controlled studies are necessary to determine specific BP targets for hypertensive patients with DM or CKD.
Second, because the HONEST study aimed to follow hypertensive patients in a daily clinical setting, details of laboratory tests were not prespecified, and the presence of proteinuria, as specified in JSH 2014, 6 was not mandatory. Therefore, there is a limitation in the evaluation of patients with CKD and/or proteinuria and the determination of a target BP in these patients. Third, the HONEST study included patients who already had cuff oscillometric HBP − measuring devices. The types of devices used and methods of HBP measurement were not specified. Nevertheless, HBP − measuring devices available in Japan have been validated and approved by the Ministry of Health, Labour and Welfare of Japan and are in accordance with the US (Association for the Advancement of Medical Instrumentation) 21 and European standards. 22 In addition, HBP measurements were recorded by patients and reported to their physician, and the possibility of biased reporting by patients and physicians cannot be excluded completely. However, we consider their influence to be limited by the study design with its large sample size.
Finally, the mean follow-up period of the present study was short (2.02 years), and the CV risk profile may change over a longer study period. However, the HONEST study involved a large number of patients (420 000), and the aggregated incidence rates for CV events per person-years are similar to or greater than those reported for previous studies.
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